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•  Test	
  on	
  accuracy/improvement	
  

	
  
•  Test	
  on	
  scalability	
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Results	
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Future	
  work:	
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Meta-­‐FinisherSC-­‐LongRead	
   Meta-­‐FinisherSC-­‐MixedRead	
  
Problem	
  

Results	
  [Lam,	
  LaBuG,	
  Khalak,	
  Tse,	
  Bioinforma;cs	
  2015]	
  

•  Long	
   read	
   data	
   are	
   trimmed	
   and/or	
   thrown	
   away	
  
frequently.	
  	
  

•  Can	
  we	
  improve	
  the	
  data	
  efficiency	
  of	
  state-­‐of-­‐the-­‐art	
  long	
  
read	
  de	
  novo	
  assembly	
  pipelines	
   for	
  single	
  genome	
  shot-­‐
gun	
  sequencing	
  ?	
  

**	
  For	
  more	
  informa;on/download	
  on	
  FinisherSC,	
  please	
  go	
  to	
  hTp://kakitone.github.io/finishingTool/	
  •  This	
  work	
  is	
  supported	
  by	
  the	
  Center	
  for	
  Science	
  of	
  Informa;on	
  (CSoI),	
  an	
  NSF	
  Science	
  and	
  Technology	
  
Center,	
  under	
  grant	
  agreement	
  CCF-­‐0939370.	
  	
   	
  	
  	
  	
  	
  For	
  more	
  informa;on/download	
  on	
  MetaFinisherSC,	
  please	
  go	
  to	
  hTps://github.com/kakitone/MetaFinisherSC	
  

Methods	
  

Problem	
  

Results	
  [manuscript	
  in	
  prepara;on]	
  

Methods	
  

Problem	
  

Current	
  prototype	
  and	
  future	
  work	
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•  In	
   metagenomics	
   shot-­‐gun	
   sequencing,	
   genomes	
   exist	
  
with	
   diverse	
   abundances	
   and	
   some	
   genomes	
   are	
   very	
  
similar.	
  	
  

•  Mis-­‐assemblies	
   are	
   common	
   and	
   assemblies	
   tend	
   to	
   be	
  
fragmented.	
  

•  Can	
   we	
   improve	
   state-­‐of-­‐the-­‐art	
   long	
   read	
   de	
   novo	
  
assembly	
   pipelines	
   for	
   metagenomics	
   shot-­‐gun	
  
sequencing	
  by	
   	
   reducing	
  mis-­‐assemblies	
   and/or	
   reducing	
  
fragmenta;on?	
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Experimental	
  evalua;on	
  results.	
  (a,b)	
  :	
  Pedobacter	
  heparinus	
  DSM	
  2366	
  (long	
  reads	
  from	
  JGI)	
  (c,	
  d,	
  e)	
  :	
  Escherichia	
  
coli	
  MG	
  1655,	
  Meiothermus	
  ruber	
  DSM	
  1279,	
  Pedobacter	
  heparinus	
  DSM	
  2366	
  (real	
  long	
  reads	
  suppor;ng	
  the	
  HGAP	
  
publica;on).	
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Number	
  of	
  con,gs	
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HGAP	
   FinisherSC	
   PBJelly	
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Percentage	
  match	
  against	
  	
  
reference	
  genome	
  

HGAP	
   FinisherSC	
   PBJelly	
  

Genome	
  	
  name	
   Genome	
  size	
  (Mbp)	
   Size	
  of	
  reads	
  (Gbp)	
   Running	
  ,me	
  
(hours)	
  

Caenorhabdi;s	
  
elegans	
  

104	
   7.65	
   23	
  

Drosophila	
   138	
   2.27	
   9.4	
  

Saccharomyces	
  
cerevisiae	
  

12.4	
   1.40	
   0.66	
  

We	
  run	
  FinisherSC	
  with	
  the	
  op;on	
  of	
  using	
  20	
  threads	
  (-­‐par	
  20)	
  on	
  a	
  server	
  computer.	
  The	
  server	
  computer	
  is	
  
equipped	
  with	
  64	
  cores	
  of	
  CPU	
  at	
  clock	
  rate	
  of	
  2.4-­‐3.3GHz	
  and	
  512GB	
  of	
  RAM.	
  

•  Data-­‐efficient	
  :	
  
	
  	
  	
  	
  FinisherSC	
  u;lizes	
  all	
  the	
  raw	
  reads	
  to	
  perform	
  re-­‐layout.	
  	
  
	
  
•  Repeat-­‐aware	
  :	
  	
  
	
  	
  	
  	
  FinisherSC	
  resolves	
  repeats	
  through	
  opera;ons	
  on	
  string	
  
	
  	
  	
  	
  graphs.	
  Extensions	
  (X-­‐phaser	
  and	
  T-­‐solver)	
  resolve	
  more	
  	
  	
  
	
  	
  	
  	
  complex	
  repeats	
  through	
  mul;ple	
  sequence	
  alignment	
  and	
  	
  
	
  	
  	
  	
  copy	
  count	
  es;ma;on.	
  
	
  
•  Scalable	
  :	
  	
  
	
  	
  	
  	
  	
  FinisherSC	
  streams	
  raw	
  reads	
  and	
  uses	
  MUMmer	
  for	
  	
  
	
  	
  	
  	
  	
  alignment.	
  

•  It	
   is	
   common	
   to	
   have	
  mul;ple	
   data	
   sources	
   (short	
   reads	
  
and	
   long	
   reads)	
   when	
   performing	
   metagenomics	
  
assembly.	
  	
  

•  Can	
   we	
   improve	
   state-­‐of-­‐the-­‐art	
   de	
   novo	
   assembly	
  
pipelines	
   for	
   metagenomics	
   shot-­‐gun	
   sequencing	
   to	
  
seamlessly	
   u;lize	
   all	
   these	
   data	
   in	
   a	
   data-­‐efficient	
  
manner?	
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HGAP	
  output	
  

Synthe;c	
  genomes	
  and	
  reads	
  

Ground	
  
truth	
  
	
  
	
  
	
  
	
  
Con;gs	
  

A	
  (50X)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B	
  (50X)	
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Ground	
  
truth	
  
	
  
	
  
Con;gs	
  
	
  

Eg.	
  a	
  
(Mis-­‐
assemblies	
  
fixing	
  using	
  
short	
  reads)	
  
	
  
	
  
	
  
	
  
Eg.	
  b	
  
(Mis-­‐
assemblies	
  
fixing	
  using	
  
long	
  reads)	
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MetaFinisherSC	
  
HGAP	
  output	
  

Example	
  use	
  case	
  
(fix	
  mis-­‐assemblies	
  in	
  
the	
  presence	
  of	
  very	
  
similar	
  genomes):	
  	
  
	
  
•  5	
  species	
  (E.	
  coli,	
  

Streptomyces	
  A,	
  
Streptomyces	
  B,	
  C.	
  difficile	
  
A,	
  C.	
  difficile	
  B)	
  with	
  two	
  
Streptomyces	
  at	
  ~80%	
  
sequence	
  iden;ty	
  in	
  
similar	
  regions,	
  and	
  two	
  C.	
  
difficile	
  at	
  ~97%	
  iden;ty	
  
across	
  the	
  genome	
  	
  

Example	
  use	
  case	
  	
  
(improve	
  assembly	
  
quality	
  for	
  low	
  
coverage	
  data):	
  
	
  
•  23	
  species	
  with	
  diverse	
  

abundances.	
  Some	
  are	
  as	
  
low	
  as	
  1X	
  (BEI	
  mock	
  
community	
  )	
  

M-­‐Fixer:	
  
Fixing	
  misassemblies	
  

A-­‐SpliTer:	
  
Merge	
  con;gs	
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  mFixed.fasta	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  abun.fasta	
  

LR.fasta	
  

LR.fasta	
  :	
  raw	
  reads	
  	
  
LC.fasta	
  :	
  output	
  from	
  HGAP	
  
mFixed.fasta	
  :	
  con;gs	
  aoer	
  fixing	
  mis-­‐assemblies	
  
abun.fasta	
  :	
  con;gs	
  aoer	
  joining	
  con;gs	
  

1.  Fix	
   con;gs	
   by	
   detec;ng	
   abnormal	
  
wrapping	
  formed	
  by	
  adaptor-­‐skipped	
  reads	
  

2.  Fix	
  con;gs	
  by	
  detec;ng	
  abnormal	
  coverage	
  
change	
  

3.  Fix	
   con;gs	
   by	
   detec;ng	
   long	
   chunks	
   of	
  
common	
  segments	
  in	
  con;gs	
  	
  

1.  Capture	
   the	
   structure	
   of	
   con;gs	
   by	
   forming	
   a	
  
con;g-­‐read	
  string	
  graph	
  

2.  Perform	
  graph	
  transforma;on	
  	
  
3.  Iden;fy	
   repeats	
   by	
   detec;ng	
   localized	
   graph	
  

structure	
  that	
  corresponds	
  to	
  repeats	
  
4.  Merge	
   con;gs	
   based	
   on	
   long	
   spanning	
   reads/

significant	
  match	
  in	
  abundance	
  

1)  Incorporate	
  mate-­‐pairs	
  in	
  the	
  pipeline	
  
2)  Scale	
  up	
  the	
  system	
  by	
  MapReduce	
  
3)  Design	
  a	
  unifying	
  graph	
  structure	
  that	
  can	
  neatly	
  combine	
  all	
  data	
  sources	
  
4)  Mathema;cally	
  prove	
  the	
  performance	
  guarantee	
  of	
  various	
  components	
  in	
  the	
  system	
  	
  


